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Co6cTBeHHbie xapaKTepncTHKn CHCTeMbi OTcneTa 

KaK 4-HHBapHaHTbI 
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15 HK)ji5i 2015 r. 


AHHOTaU,HH 

B CTaTbe npefljiararoTCH 4-MepHbie ypaBHemra .zyra co6cTBeHHbix xapaK- 
TepilCTIIK JKeCTKOH CHCTeMbi OTCHCTa. Mb 3THX yCJIOBIIH CJieflyiOT 3aKOH flBII- 
xtemra co6cTBeHHoii TeTpappi 11 ypaBHemra o6paTHoft sa^ann KHHeMaTHKii, t. 
e. flHtJxJiepeHpi'iajibHbie ypaBHemra, pemaiomiie sa^any BoccTaHOBjiemra na- 
paMeTpoB flBiraceHira xcecTKOH CHCTeMbi OTcneTa no H3BecTHbiM co6cTBeHHbiM 
ycKopeHiHO h yrjioBoii CKopocTii. B nacTHOCTii noKa3aHO, hto npn coBep- 
meHiiii 6ycTa, flBHHcymancH cucTeMa OTcneTa, HMeroman npepeccmo ToMa- 
ca, oTHocHTejibHo HOBoii jia6opaTopHoi"i CHCTeMbi 6yn,eT hmctb KOMSimapmo 
flByx Bpam;eHHH: hoboii co 6 ctbchhoh npepeccHH ToMaca h Bpam,emra Bur- 
Hepa, KOTopbie b coBOKynHOCTii ,n;aioT nepBOHanajibHyio nacTOTy npepeccrm 
ToMaca. 

KjnoneBbie cjioBa: npeyeccun ToMaca, epaipeHue Buenepa, o6pamuaH 3adaua Kime- 
MamuKU, co6cmeeHHoe ycKopenue, coScmeennan ygAoean CKopocmt>, mempadnuu 
(fiopMajlU3M. 

BBe^eHHe 

B npe^bi^ymefl CTaTbe [I] 6bijih BBiBefleHBi ypaBHeHHH oSpaTHofl sa/tami Kime- 
MaTHKH. HaHHBie ypaBHeHHH cjie^yioT H3 aaBiicHMocTii xapaKTepncTHK acecTKofi 
CHCTeMbi oTcneTa ot napaMeTpoB /ibh>kctth>t. KOTopbie b cboio onepe^b ocHOBbiBa- 
IOTCH Ha H3BeCTHOM npeo6pa30BaHHH B >K('CTK\TO HeHHeppHajIbHyiO CHCTCMV OTCHe- 
Ta, npe^jiojKeHHbiM Hsjicohom h, 0 (cm. TaioKe ED- ilannoe npeo6pa30BaHHe, 
HecoMHeHHo, HBjuieTCH BepHbiM no cjieflyioiri,HM npHHHHaM. Bo-nepBbix, MeTpu- 
xa, c.neyyioiuaH H3 stoto npeo6pa30BaHHH, KaK pa3 HBjraeTCH MeTpiiKofl >kcct- 
koh ycKopeHHoii h BpamaromeficH CHCTeMbi oTcneTa (cm. 0, 0C. 404, (JiopMyjia 
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(13.71) c nonpaBKoii Ha oTcyrcTBHe b CTO kphbh3hbi npocTpaHCTBa-Bp6M6Hii]. 
Bo-BTOpBIX, CoScTBeHHBie yCKOpeHHe H yrjIOBaH CKOpOCTB HeHHeppHajTBHOH CHCTe- 
MBI S B 3TOH MeTpiiKe COBna^aiOT C He3aBHCHMO BBIHIICJieHHBIM H^pOM reHepaTOpa 
HHcJ)HHHTe3HMajibHoro npeo6pa30BaHHH JIopeHpa, KOTopoe cBH3biBaeT flBe, mtho- 
BeHHo conyTCTByromne s, HHeppiiajibHbie CHCTeMbi oTcneTa b mombhtbi t h t + At 
cooTBeTCTBeHHo, kbk yKa3aHo b HU c.231, sa/jana 3.26]. 

TeM He MeHee, xoth h HeT npiiHHH coMHeBaTbca: b cttjj aBe/yi hbocth stoto npe- 
o6pa3()BaiTH>T. ho, nocKOJiBKy 3 to npeo6pa30BaHHe em,e Hccjie^yeTCH, mo>k(‘t nona- 
3aTBCH, HTO ypaBHeHHH oSpaTHOH 3aflaHH KHHeMaTHKH enie HeflOCTaTOHHO o6ocho- 
BaHBi. CaMH nee sth ypaBHeHHH HeoSxoflHMbi onpeflejieHHH 3aKOHa ^BiDKeHHs 
HeHHeppHajiBHOH CHCTeMbi oTcneTa, HMeiony'ii 3aflaHHbie xapaKTepn ctitkh. IIosto- 
My, fljiH 6ojiee Ha^exoioro no^TBepHynpHHH, BaxcHo BbiBecTii hx yi;pyrHM cnocoSoM. 
TaKofi cnoco6 Gy/ieT noKa3aH b n. 2, ho, npe^BapiiTejibHO, Bn. 1 /pirnum CTaTbH 
npiiBe^eHbi HeKOTopbie nojie3Hbie cJiopMyjibi, KacaiomnecH KHHeMaTHKH BpaipeHiiH 
h coGcTBeniToro BpaipeHiiH BurHepa 0.0 (JiopMyjia (20)], KOTopoe B03HHKaeT y 
^BHJKymeilcH CHCTeMbi OTcneTa npn coBepmeHHH 6ycTa H3 o^hoii jiaSopaTopHoft 
CHCTeMbi b yi,pyryio. 

HanSojiee o6m;ee B03MoxcHoe ^BiixceHiie xcecTKoii HeHHeppuajibHOH CHCTeMbi 
OTcneTa TpeSyeTCH onpe,nejiHTb HHBapnaHTHo, b 4-MepHOM BH^e. HanpiiMep, ^jih 
npuMOJiHHeHHoro ^BiDKeHHH paBHoycKopeHHOH CHCTeMbi OTcneTa (b jiaSopaTop- 
hoh cHCTeMe) ycjioBiie ee paBHoycKopeHHocTii o6bihho (JiopMyjiHpyeTCH b BH,n,e 0 , 0 ,- 
hoto 4-HHBapnaHTHoro paBeHCTBa - nocToirncTBa KBaypaTa 4-BeKTopa ycKopeHHH 
dA 0l /dt ■ dA° i /dt , r^e t - ecTb coGcTBeHHoe BpeMH Hanajia OTcneTa, a A 0 * - ecTb 
BeKTop 4-cKopocTH [9] c. 41, 3aflana k n. 7]. HanSojiee xce o6ru;ero kphbo- 

JIIIHeilHOTO 7lBH>KeTIH>T npOII3BOJIbHOH XCeCTKOH CHCTeMbi OTCHeTa OflHOTO TaKOTO 
TpeSoBaHHH HBHO HeflOCTaTOHHO. 0th yCJIOBHH flOJHKHbl CBH3bIBaTb KOMnOHeHTbl 
4-BeKTopoB, KOTopbiMii o6jia,zi;aeT ^BiixcymaHCH cucTeMa OTcneTa c coScTBeHHbiMii 
HHBapnaHTaMH ,n,aHHOH CHCTeMbi OTcneTa. IIosTOMy ypaBHeHHH ^jih 4-ycKopeHim 
dA 0l /dt = a 1 h 4-TeH3opa BpaipeHHH [5] cJiopMyjia (6.20)], KOTopbie Ha nepBbin 
B3rjiH,zi; b KanecTBe stiix ycjioBHH moxcho 6bijio 6bi Hcnojib30BaTb, b ^aHHOM cjiynae 
6ecnojie3Hbi. 0,ti;ho H3 hckombix ycjioBHH (^;jih nacTHoro cjiynan CHCTeMbi OTcneTa, 
BpamaiomeHCH c nacTOTOH coSctbchhoh npepeccHii ToMaca) 6bijio ,n;aHo b [1U] cjiop- 
Myjia (5.29)]. IIojiHocTbio HHBapnaHTHbie ycjioBHH ^BiDKemiH 6yn,yT ,n;aHbi b n. 2. 
3a6eran Bnepefl, VKa>KeM. hto /jaiinbie ycjioBHH (JaiKTiiHecKii hbjihiotch TpeSoBa- 
HHeM 4-CKajIHpHOCTH KOMnOHeHT XapaKTepiICTIIK flaHHOil CHCTeMbi OTCHeTa. Ecjih 
sth ycjioBHH cnpaBe^juiBbi, to (JiopMHHBapnaHTHocTb /laniTbix ypaBHeHiiil npn 6y- 
CTe B03M0IKH0 npoBepiiTb. CooTBeTCTByiomee ,n;oKa3aTejibCTBo npiiBoypiTCH b n. 3. 
B cjieyi;yioiri;eM naparpacjie oScyxc^aeTca pa3JiHHHe Mexcyiy npepeccneH ToMaca h 
BpaipeHiieM BnrHepa, nocKOJiBKy ,n;aHHbie hohhtiih HHor^a cMeniHBaioT ,npyr c ,npy- 
roM. KpoMe toto b n. 5 6\yieT paccMOTpeH 3aKOH BpameHHH coSctbchhoh TCTpa.yia 
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CHCTeMbi oTcneTa, xoTopBifi oScyjK^ajica b [5] (J)opMyjia (6.11)], jTT] 4)opMyjit.i (4), 
( 6 ) 1 - 


1. KnHeMaTHKa noBopoTOB h Bpaipeime BnrHepa 

HanoMHHM npe^BapHTejiBHo HexoTopBie CBe^eHHH H 3 xiiHeMaraxn noBopoTOB. 
IIpH noBopoTe CHCTeMBi Koop^HHaT BOKpyr e/pimrmoro BeKTopa n komiiohbhtbi 
B eKTopa r(s) b HanajiBHofi CHCTeMe s h cocTaBjunoipHe ototo xce BexTopa r(s') b 
XOH eHHOH CHCTeMe s' CB 33 aHBI paBeHCTBOM 

r a (s) = a l3a r' ,3 (s '), (1) 

r^e rpenecxHe HH^excBi, xax o 6 bihho, npoSeraioT 3 HaneHHH 1 , 2 , 3 , a MaTpnpa no- 
BopoTa a 1301 b Koop^HHaTax: ocb noBopoTa n , yroji noBopoTa (j) HMeeT BHfl 

aP a = CQS ^ + n /3 n o(! _ cos 0) _ e <*fo n 1 sin 0 . ( 2 ) 

Bo HsGexcaHHe ne/ippaayMeHHH no^nepxHeM, hto 3 flecB h flajiee npHHHTa nacciiB- 
Iia >7 TO T TKa 3 p<‘ITH>I Ha nOBOpOTBI, COrjiaCHO KOTOpoii BpaiTyK'TOT CHCTeMa KOOpflH- 
HaT, a caM BexTop ocTaeTCH HeH 3 M 6 HHBiM. IIpH otom ^jis jho 6 oh MaTpiipni noBo- 
poTa a 1301 cnpaBe^jiHBBi cooTHomemiH opToroHajiBHocTH 

a / 3 o a 7Q = a a/ V 7 = 5 01 ( 3 ) 


H paBeHCTBa «yHHHTO:>KeHH 5 I» 

e Q/ii/ a M V 7 = e M/ 37 a a/i , e a ^ a^a 1 " = 


(4) 


MaTpnpa Bpamemm a /3 "(t) ynpBjieTBopiieT ypaBHeHHio 

^ = —e«-W* . 
dt 

r^e u/ ecTB yrjioBaH cxopocTB b CHCTeMe s' 


(5) 


OJ 


lu 


1 

2 


e aXu a Xf3 


da a/3 

dt 


( 6 ) 


PaccMOTpiiM ceiiHac ^BiDxeHne HHeprpiajiBHOH chctcmbi oTcneTa s' co cxo- 
pOCTBIO v(£) OTHOCIlTejIBHO JiaSopaTOpHOH CHCTeMBi OTCHeTa S. Ecjih HHep- 
pnajiBHaH CHCTeMa s' opHenTupoBana TaxiiM o 6 pa 30 M, hto npeo 6 pa 30 BaHHe 
npOCTpaHCTBeHHO-BpeMeHHBIX KOOpyiHTaT H 3 S B s' HBJIHeTCH HHCTBIM 6 yCTOM, 
TO yCJIOBHO TOBOpHTCH O TOM, HTO CHCTeMa s' OpHeHTHpOBaHa « 6 e 3 nOBOpOTa» 
oTHociiTejiBHo S. IlepeH^eM Tenepx b HOByio jiaSopaTopHyio cncTeMy oTcneTa S*, 


3 




KOTopaa jiBHraeTca co ckopoctbio u «6e3 noBopoTa» othochtcjibho S. Xopomo 
H3BecTHo, hto b hoboh jiaSopaTopHoft ciicTeMe Haaajio oTcnera cncTeMBi s' jibh- 
raeTca co ckopoctbio (3flecB h flajiee npiiMeHaeTca cucTeMa eflHHHn,, b KOTopoft 
c = 1 ) 

^ (7) 


V = 


u (1 — \/l — m 2 )(uv)u 


1 — uv u 2 ( 1 — uv) 

O^HaKo 0Ka3BiBaeTca, t ito npeo6pa30BaHHe H3 S* b s' He aBjiaeTca hhctbim 6y- 
CTOM. alpyrHMH CJIOBaMH 3TO 03HaHaeT, HTO, HTo6bI nOJiyHHTB CHCTeMy KOOp^HHaT 
s', OCH HOBOH CHCTeMBI OTCHCTa S OpHeHTIipOBaHHBie «6e3 nOBOpOTa» OTHOCHTejIB- 
ho S* (KOTopaa ,n;BHraeTca co ckopoctbio v(i) H3 (IT]) ) TpeSyeTca erpe noBepHyTB Ha 
HeKOTopBiii yroji <pw BOKpyr HeKOToporo e^HHHHHoro BeKTopa n. ^obojibho ^jihh- 
HBIH paCHeT, KOTOpBIH MBI 3fleCB OnyCTHM, yTBepJK^aeT, HTO 3TOT CoScTBeHHBIH 

noBopoT paBeH (cm. [8l cJ)opMyjia (20)], [12 (J)opMyjia (42)]) 


sin <p w 


U X V 


n ter — — n 

S 2 H 1 4" COS (f)\y (l + y/1 - U 2 ) (l + y/l - V 2 ) 


UV 


( 8 ) 


3tot noBopoT cjie^yeT Ha3BiBaTB epatpenueM Buenepa. Ecjih u Maao, to 


n (f> w = 


yr 


U X V. 


(9) 


MaTpiipy noBopoTa Buraepa o6o3HaHHM b ^ , Tax, hto ([I]) bbitjih^ht b Btme 

= C r'V), (10) 

,U,jia Majioro yrjia <pw MaTpnpa noBopoTa (]2]) ecTB 


b^ = 6 0a - e^rCcPw = 6 0a + 


VT 


(v a uP 


A a ). 


(ii) 


no onpe^ejieHHio ([6]) yrjioBaa ckopoctb BpameHiia BurHepa ecTB 


_ i (/‘/3 db 'V 

Uw ~ 2 e w dt 


I lo/ICTaBJTHH ClOfla m nojiyHHM, hto OHa paBHa 
d (n <p w ) (1 - \/l - v 2 ) 2 


= 


dt 


l VT 


vv) U X V + 


l - 


U X V. 


( 12 ) 


(13) 


PaccMOTpHM Tenepn o6ih;hh cjiynaii ^BHOKemia HHeprpiajiBHOH cncTeMBi, Kopzja 
OHa (o6o3HaHHM ee k ) HMejia ^pyryio opneHTapHio othocht6jibho cncTeMBi S, neM 
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CHCTeMa «6e3 noBopoTa» s'. ^pyrnMH cjioBaMii, nycTB KOMnoHeHTBi BexTopa r(s') 
b HanajiBHoil cHCTeMe s' h cocTaBjimonpie 3Toro ace BexTopa r (k) b cucTeMe k 
CBSI3aHBI paBeHCTBOM 

r /3 (s') = a 7 ^r 7 (/c). (14) 

IIoflCTaBHB (TT4l) b ([IH nonymiM, hto pe3yjiBTnpyioiii;aa: MaTpnpa noBopoTa Meac^y 
HaaajiBHoii CHCTeMon s h xoHenHoii CHCTeMon k ecTB 

a* ia = . (15) 

TaxHM o6pa30M, napaMeTpni cucTeMBi OTcneTa k, xoTopaa ^BnraeTca co cxopo- 
ctbk) v h HMeeT opneHTapino a 7 “ oTHociiTejiBHo S, npn hhctom 6ycTe co cxopocTBio 
u npeo6pa3yioTca no 3axoHaM (0, (USD- 

2. HHBapnaHTHbie ycjiOBHH flBHiKeHHH HeHHeppHajiBHoit ch- 
CTeMBI OTCHeTa 

PaccMOTpnM Tenepn cjieflyiomHe 4 BejinnnHBi, cocToamne H3 4 xoMnoHeHT, r^e 
nepBBin HH^exc y xaaynpro cuMBOJia oTBenaeT 3a ero HOMep, BTopon - 3a ero xom- 
noHeHTy 


A 0 * = (A 00 ,A° Q ) = 


vT^’ ’ 


A ai = (A"°, A Q/3 ) = 


7n°n 


v 'a 


vl 


F, + 


1 - 


! s/l 


vVa a “ 


(16) 

(17) 


&v a - ecTB 3-BexTop cxopocxii Banana OTcneTa HeHHeppnanBHofi cncTeMBi. HeTpyn;- 
ho npoBepnTB, hto ^aHHBie BejinnHHBi ynpBneTBopaioT cooTHOinemiaM opTOHop- 
MHpOBaHHOCTH 


A°*A° t = 1, A 0 *A" i = 0, A ai A^ i = - 5 a ?. (18) 


C m aTeMaTHnecxoH tohxh 3peHiia A 0 * , A"* aBnaioTca xosc^cJainyieHTaMH b o6m,eM 
npeo6pa30BaHHii JIopeHpa H3 Hexon JiaSopaTopHon cncTeMBi OTcneTa S: (T, R) b 
HH eppuajiBHyio cncTeiviy s' : (t, r') 


T = A a0 r' a + A 00 t, Ft? = A a V Q + A of} t. 


Ecjih paccMaTpnBaTB r' a n t xax napaMeTpni, to H3 onpe^enemia BenuniiH 
A m = dX l /dr' a h A 0 * = dX l /dt (r,n;e X 1 = (T, R)) bh^ho, hto ohh aBnaioTca 
4-BexTopaMii. KpoMe toto, npn nioSoM HenpepniBHOM npeo6pa30BaHnn H3 oSrpen 
rpynnni JIopeHpa BeannnHBi A m , A 0 * (i = 0,1,2,3) npeo6pa3yioTca b BennnHHBi 
toh ace MaTeMaranecxon (J)opMBi m, (D 2 D- Kax xopomo itibcctito, nyneBon 
BexTop A °i 

aBnaeTca BpeMeHonoflo6HbiM BexTopoM 4-cxopocTH Hanana chctcmbi 
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s'. Ero cmbicji 3aKjnoHaeTCH b tom, hto oh HBjiaeTCH e,n,HHHHHBiM h KacaTejiBHBiM 
K MHpOBOH JIHHHH HaHajia OTCHeTa HeHHeppuajIBHOll CIICTeMBI s'. 4-BeKTOp 0KB A m 
npeflCTaBjiaeT co6oii npocTpaHCTBeHHono^oSHBiil opT a-ii och cncreMBi Koop/pinaT 
s'. CocTaBHM Tenepn npoH3BefleHHH 


W n 


A, 


dA 7 * 

dt 


(19) 


1 d\ ai 

^ = --6“^^. (20) 

B MTHOBeHHO COnyTCTByiOHI,eH HHeppHajIBHOH CHCTeMe OTCHeTa 3TH npOH3Be^;eHHH 
paBHBi W' 1 = adrift h f2 /7 = e" Al7 a /i/3 a" /3 /2 , T.e. hbjihiotch co6ctb6hhbim ycKopemi- 
eM Ii CoGcTBCIIITOH yrjIOBOH CKOpOCTBIO s' COOTBeTCTBeHHO. B CHJiy 4-BeKTOpHOCTIi 
BejiHHHH A m , A 0 *, ^aHHBie ypaBHeHHH 6yn;yT bbihojihhtbch b jho6oh CHCTeMe ot- 
cneTa. 3 to 03HaHaeT, hto ypaBHeHira ([T9]) , (12(1 hbjijhotch hckombimh KimeMaTii- 

HeCKHMII, pejIHTHBIICTCKH HHBapHaHTHBIMH yCJIOBIIHMII flBHOKBHHH ^aHHOH HeHHep- 
pHajibHofi cucTeMBi c H3BecTHBiMii xapaKTepiicTHKaMH. IIpo^HcjxliepeHrpipyeM (TTT1) 
ii no^cTaBiiM flaHHBie 3HaHeHHH b (HU). Ilocjie pacKpBiTHH cko6ok, nepeo6o3HaHe- 
Hiia HH^eKcoB, npiiBe^eHHH no,n;o6HBix hjichob ii HcnojiB30BaHnsi paBeHCTB (J4J) h 
([5]) nojiyniiM oKOHnaTejiBHo 


W' 1 = a 7 “ 


+ 


l - vT 


.\/l - V 2 v 2 (l-v 2 ) 
UeilcTByn aHajiorHHHO HeTpyzpio nojiyniiTB H3 (1201) 

, 1 — y/1 — v 2 


vv v 


9' 7 = a 7 “- 




e atxv V »V v + to' 1 . 


( 21 ) 


( 22 ) 


YpaBHeHim (1211 ii (1221) nocjie 3aMeHBi v a = a^ a v'® cbo^htch k ypaBHeHHHM o6paT- 
hoii 3a,n,aHH KHHeMaTiiKH, Kax noKa3aHo b [1]. 


3. IlpOBepKa (J)OpMHHBapHaHTHOCTH XapaKTepHCTHK CHCTeMBI 
OTCHeTa 

Tnir nojiHoii yBepeHHOCTii cjiopMyjiBi coScTBeHHoro ycKopeimiT ii coScTBeHHOii 
yrjioBoil cKopocTii (fTUl) . (ITU) HeoGxo^iiMo npoBepiiTB. IIo cBoeMy cMBicjiy stii cjiop- 
MyjIBI (J)aKTITHeCKIT HBJIHIOTCH TJK'OoBaiTIieM HeiI3MeHHOCTII XapaKTepHCTHK CIICTe¬ 
MBI OTCHeTa s' ot SycTOB. Cjie^oBaTejiBHo, mookho 3anncaTB, hto b hoboii jia6o- 
paTopHofi CHCTeMe OTCHeTa 5* h b cTapoii CHCTeMe S coOcTBennoe ycKopeHHe h 
yrjiOBan CKopocTB chctcmbi s' ^ojijkhbi 6bitb npn noflCTaHOBKe (J7|), (TT5|) paBHBi- 
mh. K coiKajieHHio, Taxasi npuMan no,ri,CTaHOBKa b paBeHCTBa (122] ) . (1211) (r,n;e Bee 
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BejiHHHHM no^;pa3yMeBaioTC5i co 3Be3,npHxaMH) (J)opMyji (ITj) . (TT5|) npiiBo^HT k rpo- 

M03flKHM BBIHHCJieHHHM. MeJK^y TeM 3aM6THM, HTO npOH3BOJIBHBIH 6yCT MOJKHO 
paCCMaTpiIBaTB XaX X0Mn03HU;HI0 MHOJXeCTBa npOH3BOJIBHBIX SeCKOHeHHO MajIBIX 
6ycTOB. IIosTOMy, hto6bi noxa3axB b o6m,eM cjiynae cxipaBe/iy hbocxb paBeHCTB 
(1221) . (T2T1) ^ocTaTOHHo ,n;oxa3aTB hx BBinojiHeHne fljis HH(J)HHHTe3HMajiBHoro npe- 
o6pa3QBaHH2 .riopenpa. JXxh xaxoro npeo6pa30BaHHH H3 (0 bh^ho, hxo 


v’ = v(l + uv) - U, V* = v(l + uv) + v(uv). 
ITpii rioycxanoBKe b BBipaxcemie 


(23) 


W' 7 = a* 7a 


+ 


1 -y/T 


i*2 


■s/l — v* 2 v* 2 (l — v* 2 ) 


( * • * \ * 
(v V )v 


(J)opMyji (17ol) , a Tax>xe (00 h (TOO) , nocjie HexoTopBix ajireSpaiinecxiix npeo6pa30- 
BaHHfi nojiy hxim , hto MaTeMaTHHecxaa (J)opMa BejiHHHHBi W' He H3MeHHjiacB 


W' 7 = a 7 ° 


1 — \/l — v‘‘ 
_y/l - V 2 1 v 2 (l-v 2 ) 


+ 


yvto 


AHajToriTHHo BBimecxa3aHHOMy, no^cTaBjiHH (0 h (IT5T) b (J22J) , ^HcJx^epeHpHpya 
h yniiTBiBaa opToroHajiBHocTB MaTpnpBi BurHepa, xoTopaa aHajiorHHHa ypaBHe- 
hhio 0 nojiyni-iM, hto 


Q' 7 = a* 7 " 


l - vT^ - 


i*2 


i*2 


VT 


i*2 


e a^ v *^*u + ^*7 = 


= (a 7 ^) 


+ \ e^ 7 (a^)j t (a a ^) = 


= (n?^h^y ) 1 y 1 v * 2 e ain ' V * li v* v + i e Q/n 


v *2 


\/1 — 


i*2 




= it“) 


l - Vi 


i*2 


v *2 


\/l — 


i*2 


e anu v *^ + 1 (e«M7 a ^ a a^ h uy h ^\ + I 


Z^ajiee bo btopom cjiaraeMOM ynTeM nepBoe H3 paBeHCTB "yHHHToaceHiig" (P4]) h 
nocjie 3Toro paBeHCTBo © 


O' 7 = (a 7/3 6^ 


l - vT^ - 


1*2 


+ e Tf)v a 7 T b u X + - e a/i7 a^d Q/3 = 




l-vr 


i*2 


= (a 7 l 3 bw)-— 7 - 7 ====- e a ^v*^v* u + u'^a 7T + ^ e af17 a af} = 


J w. 


i*2 


x/T 3- 


i*2 


J W 


7 


































(24) 


= a 7/? 


',,30 1 - x/T 3 -* 2 

„*2 


2 yl — v 


V ~ e a ^v*^v* u + u ,p 


*2 


W 


1 

2 


+ - e^a^d^. 


P accMOTpiiM oT^ejitHo BBipaoxemie cTonipee b npaBofi nacTH (1241) b KBa^paTHBix 
CXo 6 xaX. IIoflCTaBJIHH C 10 , 4 a dm), m , m nojiyHHM nocjie HexoTopnix BBiHiicjie- 
HHH, HTO 


\P a . 

J W 


1 - y/T= 


i*2 


i*2 


VT 


i*2 


e a ^ v *^v* u + lu'£ = 


1 - x/r^ 


2 VT 


e^ v v^v v + 


(1 — x/i — v 2 y 

ifiy/l — V 2 


k?, 


r,n;e BexTcp k , KOMnoHeHTa KOToporo bxojiht b npaByro nacTB 9Toro paBeHCTBa, 
3aBHCHT OT BeKTOpOB V, V, U Ii paBeH 

k = v 2 v X u + (uv)v x v — (vv)v X u + [v(v X u)] V. 

UoxaaceM, hto stot BexTop paBeH Hyjno. J\jik stoto 3aM6THM, hto 

kv = kv = ku = 0. 

EcjIII B6KTOpBI V, V , U He JieJKaT B O/ITTOH njIOCKOCTH, TO 3TO BO3MO0XHO TOJIBKO 
b tom cjiynae, Kor^a caM BexTop k TOJx^ecTBeHHo paBeH Hyjno. Ecjih oxe ^aHHBie 
BexTopxi xoMnjiaHapHBi, to v(v x u) = 0. B stom cjiynae Bee ocTaBimiecH BexTop- 
HBie cjiaraeMBie b k jieoxaT Ha o^hoh och h ^jiHHy BexTopa k mooxho nocHHTaTB no 
onpe^ejieHHio BexTopHoro h cxajinpHoro npoH3BefleHHH. IlycTB yroji Meatfly v h u 
ecTB ipi , a Meatfly v h u ecTB p 2 . Torfla BBiSnpaH nojioatHTejiBHBiM HanpaBjieHne 
BexTopa v x v HMeeM 

|k| = v 2 vu [— siny?! + cosy? 2 sin(y?i + p 2 ) — siny? 2 cos(y?i + p 2 )\ = 0. 
Cjie^oBaTejiBHo, b jho6om cjiynae k = 0 h 


bir- 


vt 


1*2 


V 




V 


^v v *^v + = 


yr 


V 


l VT^ 




V 


(25) 


TeM caMBiM oTciofla cjieflyeT, hto BejiiimiHa yrjioBOH cxopocTH (1241) cjiopMHHBapH- 
aHTHa 

1 
2 


i*2 


n" 1 = a* 7 "-— ^ v e 


i*2 


= a 7Q - 


VT 


yr 


1*2 






1 

2 


+ - e a ^a^ d aX . 
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4. O CBH3H Me^K^y npepeccHeii ToMaca h BpaipeimeM BnrHe- 
pa 

I Ivctb b HeKOTopofl jiaSopaTopHofi ciicTeMe S Hanajio >kcctkoh chctcmbi oTcne- 
Ta s' ^bhokctch nocTynaTejiBHo (a*^ a = 5^ a , T.e. «6e3 noBopoTa» othochtcjibho 
S) co CKopocTBio v . AaimaH CHCTeMa otchcth oGjia^aeT coSctbchhoh yrjiOBOH 
ckopoctbio paBHofl nacTQTe npepeccHH ToMaca 


— 




j -\/i — 


V X V , 


( 26 ) 


npoH3BefleM nocjie^oBaTejiBHBie (b 6jih3khc momchtbi BpeMemi) 6ycTBi b mtho- 
BeHHo conyTCTByroipHe s' HHeppnajiBHBie chctcmbi OTCH&ra. B stom cjiynae noBax 
npepeccua ToMaca chctcmbi s' (nepBBifi hjich b jicboh nacTH (1231) ) 6yn,eT Majia 
(ii3-3a Majioil oTHocHTejiBHoil cKopocTii) h bch coScTBeHHaH npepeccHH ToMaca 
Gyyex othochtbch Ha chct BpaineniiH BurHepa. 3tot bbibo^ HeTpyn,HO yoKasaxij. 

^eilCTBHTejIBHO, nyCTB B MOMeHT T + AT CKOpOCTB CHCTCMBI s' OTHOCHTejIBHO S 
cTajia v + Av. IlepeimeM b cucTeMy OTCHCTa. jiBuraioiiiyiooi co ckopoctbio u = v. 
C^ejiaB 3aMeHy b (1S|) 

u —)■ v, v —)■ v + Av 

h yniiTBiBaa, hto yroji noBopoTa BurHepa (j)w Man, b pe3yjiBTaTe nojiyniiM, hto 
oh paBeH 

1 - \/l - v 2 

n( Pw = _ , v x Av. 

V A \J 1 — V z 

OnoBHyiio. 3 tot yroji coBnaflaeT c co6ctbchhoh nacTOTOH npepecciiH ToMaca yMHo- 
okchhoh Ha npoMeoKyTOK co6ctbchhoto BpeMeHH. 3to o6ctohtcjibctbo niior^a pac- 
CMaTpiiBaeTCH kbk no^TBepjKfleHHe toto, hto npepeccHH ToMaca h BpaipeHHe Bht- 
Hepa HBJIHIOTCH pa3HBIMH Iia3BaiTH>TMH O/ITTOrO H TOTO >KC (|)inH T TC(:KOrO HBJICHHH. 
^aHHoe MHeHHe hbjihctch, pa3yMeeTCH, oihh6ohhbim, nocKOJiBKy fljia npoH3BojiB- 
hoto (h ^;a>Ke Rjin ohchb Majioro) 6ycTa npoBo^HTB pa3JiHHiie Mexyziy BpaipeHHeM 
BnrHepa h ripepeccHeH ToMaca coBepmeHHo hco6xo^;hmo. 

3to oGctohtcjibctbo mojkho noHCHHTB TaK>Ke Ha npiiMepe ypaBHemm (1231) , ec- 
jih npoH3BecTH 6ycT H3 S He b MTHOBeHHo conyTCTByiomyio cucTeMy oTcnera, a 
B npOH3BOJIBHyiO CO CKOPOCTBIO U . B HOBOH JiaGopaTOpHOH CIICTCMe OTCHCTa S* 
Hanajio OTCHera s' HMeeT yxce ckopoctb v* , CBH3amiyio c vhu cjiopMyjiOH (17|) . 
a OCH KOOp^HHaT s' HCnBITBIBaiOT flOnOJIHHTejIBHOe BHTHepOBCKOe BpameHIie (15|) . 
Cjie^oBaTejiBHo, yrjioBaa ckopoctb co6ctbchhoto BpameHHH s' b hoboh ciicTeMe 
cK.rra. jT BTBaeTCH corjiacHO cjiopMyjie (1231) H3 a b Y x cocTaBjunomHx: hoboh co6ctbch- 
hoh npepeccHH ToMaca (nepBBifl hjich b jicboh nacTii) h BHTHepoBCKoro BpaipeHHH 
(BTOpOH HJieH B JieBOII HHCTh) . 
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TaKHM o6pa30M, coScTBemioe BparpeHHe BurHepa He cjie^yeT cMeniHBaTB c 
coScTBeHHOH npepeccHeii ToMaca; oto xots h TecHo cBH3aHHBie Megyny co6oft, ho 
H eaKBHBajieHTHBie hohhthh. Hx pasjiHHHe cjie^yeT ynce 113 onpe^ejieHHH ([12]) . ([26]) . 

CyTB OTKpBITHH ToMaca 3aKJHOHaeTCH B TOM, HTO eCJIH >K(k:TKa>T CHCTeMa OTCHe- 
Ta s' ^BHJKeTCH TaKHM o6pa30M, hto b KajK^Bifi MOMeHT jiaSopaTopHoro BpeMeHH 
ee Koop^HHaTHBie och coBna^aioT c ochmh mthobchho conyTCTByiomeft eft HHepnyi- 
ajiBHoft GHCTeMoft oTcneTa opneHTHpoBaHHoft «6e3 noBopoTa» othochtcjibho jia6o- 
paTopHoft cHCTeMBi, to CHCTeMa s' o6jia^;aeT coScTBeHHoft npepeccneft, KOTopaa h 
HB juieTCH npepeccneft ToMaca. CoScTBeHHoe ace BpaiHenne BnrHepa yononiTHTeni.- 
ho k npepeccHH ToMaca, KaK bh tt ho H3 ypaBHeHHH (1231) . onpe^ejiaeTca MaTpnpeft 
b a P h noHBjiHeTca npn jho6om 6ycTe. 

B tom cjiynae, Kor^a CHCTeMa s' b nepBOHanajiBHoft jiaSopaTopHoft cHCTeMe 
^BiirajiacB npHMOjnmeftHo h paBHoycKopeHHo 6e3 coGcTBennoro Bparpemig, ee co6- 
cTBeHHasi npepeccHH ToMaca paBHa Hyjno. Tor^a H3 (1251) cjie^yeT, hto b HOBoft jia- 
SopaTopHoft CHCTeMe BparpeHHe BurHepa h npepeccna ToMaca CHCTeMBi s' ^ojijkhbi 
6bitb npoTHBOHanpaBjieHBi h ko m r r e t i c h p o b a r r b ypyr ;ipyra. Hexar itch Man npoBep- 
Ka 3Toro yTBop>KyenPT>T 6yn,eT npoH3Be,n;eHa b ^pyroft cTaTBe. 


5. 3aKOH flBH*eHHa coScTBeHHoit TeTpa^bi 

IiaftneM Tenepn 3aKOH ;ibh>k('tbt>t coGctboititoh TeTpa^bi. Ecjih npo^HcJx^epeH- 
piipOBaTB KOMnOHeHTBI A“° H3 (fT 71 ) . 3aMeHIITB B nOJiyHHBHieMCH BBipaJKeHHH npo- 
H3Bo^HBie a Q/3 corjiacHo ypaBHemno Qib HTore ynecTB BBipanceHne ,n;jia o/“ 113 
(J 22 D , TO nojiyHHM, HTO 


dA a0 

dt 


\/l — V 2 


1 — y/l — V 2 

v 2 {l — V 2 ) 


(e“^ 7 a^ A ^V^+ 


I llAJll L + c «/ 3 7 q /7 u u 

y/1 - v 2 * \/l - V 2 

Aajiee, Be3fle noflCTaBHM bmccto npoii3Bo,n,HBix if hx 3Tia T ieini>i corjiacHo ypaBHe- 
HHK) 

if = y/l^fa^W* - - /1 ~ V2(yl ~^ l ~ V ^ (v a a Pa W ,f3 )v v , 

v z 

KOTopoe cjie^yeT 113 (1211) h yHTeM paBeHCTBo "vHHHToaceHHg" (]4l) . Ilocjie Bcex bbi- 

HHCJieHHft nojiyHHM, HTO 


dA a0 

dt 


W 


/a 


a/1" 


+ e Q/37 ^' 7 


v v aP v 


vT 


(27) 
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^eftcTBys: aHajiorHHHO, fljia npoH3BO^HOH KOMnoHeHTBi A afl H3 inn MffiKHO HaHTH 
ee cjie,ri;yioiri;ee 3HaHemie 


= TI//O_ 

dt y/l - 


+ e Q/37 0' 7 f + 








(28) 


YpaBHemra (1271) h (j28]) 3anncBiBaioTC5i b e^HHOH (J)opMe k&k 


dA ai 
dt 


W' a A 0i + e a/37 ^' 7 A /3i . 


(29) 


AHajioniHHO npe^Bi^yrpHM BbiHHCJiemiHM, ^Hcj^epeHipipya KOMnoHeHTBi (fTPl) 
nojiyHHM, HTO 

dA 0i 

= W'°A m . (30) 

dt v ; 

YMHOOKaH m Ha K H B0Cn0JIB30BaBHIHCB CBOHCTBOM OpTOTOHajIBHOCTH (HI 

MOOKHO ySe^HTBCH B CnpaBe^JIHBOCTH paBeHCTB (1T21) . (HDD - 


3aKJiKDHeHHe 

U,ejiB iTacTOHiuefi cTaTbii 3aKjnoHajiacb b tom, hto6bi noKa3aTB, hto ypaBHe- 
mia oSpaTHoii 3a^aHH KHHeMaTHKH cnpaBefljiHBbi caMH no ce6e, He3aBHCHMo ot 
hcthhhocth npeo6pa30BaHHH Jlopenpa - Mejuiepa - HojicoHa a, 0. CnocoSoM 
flOCTHJKeHHH 3TOH HpjIH 6bIJia c[)OpMyjIHpOBKa (b n. 2) HHBapnaHTHBIX yCJIOBHH ,h;bh- 
OKeHIIH dim . (120|) flJIH npOH3BOJIBHOH OKeCTKOH HeHHeppHajIbHOH CHCTeMBI OTCHCTa 
oGnapaioipeH 3ayaiTiTiaMn xapaKTepncTHKaMH. OKa3ajiocn, hto ypaBHeHHH o6paT- 
HOH 3a,H,aHH KHHeMaTHKH HBJI5HOTCH npHMBIM CJieflCTBHeM 3TIIX yCJIOBHH. IIpOBe- 

paa (USD , (1201) ,zyia MajiBix SycTOB (n. 3) 6buio noKa3aHo (n. 4), hto ecjin b o^hoii 
jiaSopaTopHoft cHCTeMe HeiiHeppuajibHaa acecTKaa cncTeMa s' HMejia tojibko co 6- 
cTBeHHyio npepeccuio ToMaca, to b hoboh jiaSopaTopHoft CHCTeMe Tanaa cncTeMa 
s' 6yn,eT hmctb KOMSiiHapiiio (1251) a b Y x BparpeHiiri: hoboh coSctbchhoh npepeccuii 
ToMaca h BparpeHiia BurHepa, KOTopbie b coBOKynHocTH ;iaio r r nepBOHanajibHyio 
nacTOTy npepecciiH ToMaca. 

Taione b cTaTbe Gbiji nojiyneH 3aKOH pBir/KeiTHH co6ctb(ttitoh TeTpa/ibT (1221) . 
(EDI). ^aHHbie (J)opMyjibi nojie3Hbi, HanpHMep, ripn o6cyxyn;eHHH c tohkh 3peHHa 
TeOpHH OTHOCHTejIbHOCTH /IBH>K('TTITH CffliHOBblX HaCTIIU) B nOJie. 
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